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Abstract We investigated differences in d15N of seston
and icefishes from seven freshwater ecosystems with dif-
ferent trophic states in China. An increase of seston d15N
values was accompanied by an increase of total nitrogen
and phosphorus concentrations. Significantly positive cor-
relations were observed between d15N of icefishes and
d15N of seston, total nitrogen and phosphorus concentra-
tions. This study demonstrated that icefishes could be
preferred indicators of anthropogenic contamination in test
systems because they integrated waste inputs over long
time periods and reflected the movement of waste through
the pelagic food chain.
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Stable isotope ratios of nitrogen (d15N) have been used
successfully in some studies to identify sources of nitro-
gen-contaminated surface and ground waters (e.g., Lindau
et al., 1997). Nitrate derived from commercial fertilizers
has typical d15N values that range from about –2 to +4&;
d15N values of +3 to +9& have been reported for soil
organic nitrogen-nitrate; human and animal waste nitrate
d15N values vary from approximately +10 to +22&
(Heaton, 1986). Many factors may be involved in estab-
lishing the d15N value at a site, but studies have related
increases in d15N values in aquatic systems to the extent
of anthropogenic activity in watersheds and the input of
wastewater (Cabana and Rasmussen, 1996). Constant
nitrogen isotope fractionation has been found during up-
take and assimilation of nitrogen nutrients by phyto-
plankton (Pennock et al., 1996) and during trophic
transfer along food chains (Post, 2002). For example, the
constant enrichment of d15N in consumers relative to their
diet means that the trophic level can be calculated as k+
(d15Nconsumer+d
15Nbaseline)/D, where k is the trophic posi-
tion of the organism used to estimate d15Nbaseline (for
example, k=1 for primary producers), d15Nconsumer is
measured directly, d15Nbaseline is the corresponding value
at the base of the food web, and D is the enrichment of
d15N per trophic level (Post, 2002; Xu et al., 2005b).
Arguably, fish may be preferred indicators of anthropo-
genic contamination because they integrate waste inputs
over long time periods and fish-muscle 15N reflects
movement of waste through the food chain. d15N in-
creases might be expected along the trophic gradient be-
cause wastewater generally has a higher d15N value than
other inputs to aquatic systems (Schlacher et al., 2005).
Icefishes or noodlefishes (Salangidae) are small trans-
parent fishes with a life cycle of about one year. They are
widely distributed in both inland and coastal waters
of China. Some species, e.g., Protosalanx hyalocranius,
Neosalanx taihuensis and N. pseudotaihuensis, have played
important roles in freshwater fisheries (Wang et al., 2005).
During the past 20 years, icefishes have been successfully
introduced into a number of lakes and reservoirs r to en-
hance fish production (Wang et al., 2005). Unlike other fish
species, such as lake anchovy who exhibited size-related
changes in diets (Xu et al., 2007a), icefishes shod relatively
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stable diet contents and trophic positions. Gut contents
analysis revealed that the major components of the icefish
diet were zooplankton (Liu, 2001). Thus, as a secondary
consumer with a large distribution in freshwater systems,
icefishes were expected to reflect anthropogenic pollution
across multiple systems through 15N analysis.
In light of these facts, we investigated differences in
d15N of seston and icefishes from seven freshwater eco-
systems with different trophic states in China (Fig. 1).
Since no direct measures of wastewater input were avail-
able for the sites in the present study, we used the measured
total nitrogen and phosphorus concentrations to indicate
anthropogenic pollution and compared these values with
the d15N values of seston and icefishes. Our principal
objectives were to examine the relationships between d15N
of seston and icefishes and total nitrogen and phosphorus
concentrations among these sites, and to assess how well
the icefishes perform as bio-indicators of anthropogenic
pollution in these freshwater systems.
Materials and Methods
Lake water for seston was sampled from one to eight sites
in each freshwater system, and then filtered onto pre-
combusted glass-fibre filters (GF/C Whatman).
Icefishes (n = 1–23) were collected using gill nets near
the sites where seston were sampled. The filters and icef-
ishes (whole body) for isotope analyses were dried to a
constant weight at 60C in a drying oven, ground to a fine
powder with a mortar and pestle, and then stored in a
desiccator with a silica-gel desiccant for subsequent stable
isotope analysis. Stable nitrogen isotope ratios were ana-
lyzed in parts-per-thousand (&) differences from a stan-
dard reference material using the equation: d15N (&) =
(Rsample/Rstandard – 1) · 1000, where R is 15N/14N. The
standard reference material was atmospheric nitrogen. The
international reference material used was ammonium sul-
fate (IAEA-USGS25). More than 20% of the samples were
analyzed two or more times and the standard errors of
replicate analyses were approximately ±0.3&. To examine
the correlations between d15N values of seston, icefishes,
and total nitrogen and phosphorus concentrations, STAT-
ISTICA for Windows statistical software (version 6.0) was
used for the relative analyses.
Results and Discussion
In our test systems, total nitrogen and phosphorus concen-
trations ranged from 0.19 to 5.71 mg/L, and from 0.02 to
0.44 mg/L, respectively (Fig. 2). d15N of seston varied from
3.1& to 11.9&, with an average of 6.0&, while d15N of
icefishes varied from 10.1& to 19.3&, with an average of
14.7&. d15N of both icefishes and seston varied among the
freshwater systems (Figs. 2 and 3). d15N of icefishes were
always higher (ranging from 5.8& to 14.3&) than those of
seston. The increase of seston d15N values was accompa-
nied by an increase of total nitrogen (TN) and phosphorus
(TP) concentrations (r = 0.59, p < 0.05 for TN; r = 0.68,
p < 0.01 for TP; Fig. 2). Icefishes from the eutrophic sys-
tems had substantially higher d15N values (up to 9.2&)
compared to those from oligotrophic ones. Significantly
positive correlations were observed between d15N of icef-
ishes and d15N of seston (r = 0.66, p < 0.01), total nitrogen
(r = 0.78, p < 0.001) and phosphorus (r = 0.45, p < 0.05)
concentrations (Fig. 3, Table 1).
Assessment of anthropogenic pollution in aquatic eco-
systems with d15N isotopic method has mostly concen-
trated on plants, sediment, and invertebrates (McKinney
et al., 2002; Cole et al., 2004; Xu et al., 2005a, Xu et al.,
2007b), with comparatively fewer applications of fish as
Fig. 1 Map of China showing
the locations of our test
freshwater ecosystems. 1, Lake
Erhai; 2, Lake Fuxian; 3, Lake
Xingyun; 4, Yangtze River; 5,
Three Gorge Reservoir; 6, Lake
Chaohu; 7, Lake Taihu
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biological indicators (Lake et al., 2001; Schlacher et al.,
2005). In this study, relationships between the d15N of
seston and total nitrogen and phosphorus concentrations
indicated that d15N of seston was a valid descriptor of the
trophic state in these systems. Generally, the tissue turn-
over rate of fishes is slower than that of algae and inver-
tebrates, which suggests that the d15N value of fishes
fluctuates less over time than small, primary producers and
consumers and thus provides better precision (Cabana and
Rasmussen, 1996). Recently, the suitability of fish as bio-
indicators of wastewater nitrogen loads was investigated in
subtropical estuaries, and the results indicated that fish
d15N was a suitable indicator of wastewater not only in
systems that receive large loads, but also for the detection
of more-subtle nitrogen inputs (Schlacher et al., 2005).
Schlacher et al. (2005) also suggested d15N in fish for the
detection of the nitrogen isotope signal in waste input in the
fish habitat, and that it represents an integration of nutrient
movements along food chains rather than by the direct
uptake of inorganic nitrogen as is the case for plants (Cole
et al., 2004). This is especially important when assessing
the influence of wastewater pollution on entire food webs.
Significant positive correlations between d15N of icefishes
and d15N of seston, total nitrogen, and phosphorus con-
centrations observed in this investigation also demon-
strated that icefishes could be preferred indicators of
anthropogenic contamination in test systems because they
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Fig. 2 Relationship between d15N values of seston and total nitrogen
and phosphorus concentrations of lake water. Significant positive
correlations were found between d15N values of seston and total
nitrogen (r = 0.59, p < 0.05) and phosphorus (r = 0.68, p < 0.01)
concentrations of lake water. Average values per site were used in the
regression analysis and showed in the figures
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Fig. 3 Relationship between d15N values of icefishes and d15N
values of seston, total nitrogen, and phosphorus concentrations of lake
water. Significant positive correlations were found between d15N
values of icefishes and d15N of seston (r = 0.66, p < 0.01), total
nitrogen (r = 0.78, p < 0.001) and phosphorus (r = 0.45, p < 0.05)
concentrations of lake water. Average values per site were used in the
regression analysis and are shown in the figures
Table 1 Average isotope values, standard deviations (SD), and
sample size of icefish and seston in our test freshwater ecosystems
Lake Site Icefish* Seston
d15N SD n d15N SD N
Lake Erhai 1 10.3 0.7 7 3.6 0.2 3
Lake Fuxian 1 10.1 0.4 4 3.4 0.6 2
2 10.5 0.4 23 4.5 0.8 25
Lake Xingyun 1 15.8 0.6 5 9.5 3.1 4
Yangtze River 1 13.1 0.6 5 3.1 1
Three Gorge Reservoir 1 13.6 0.7 5 3.2 0.4 3
2 13.6 1.0 5 4.2 0.3 3
3 11.6 0.8 5 3.5 1
Lake Chaohu 1 14.2 0.6 5 6.9 0.7 6
2 15.9 0.1 3 6.7 0.6 6
3 14.2 0.6 5 7.7 2.1 6
4 17.3 1.1 4 7.9 3.1 6
Lake Taihu 1 17.9 0.6 16 8.0 4.5 54
2 17.0 0.5 5 8.0 4.5 54
3 17.8 0.3 2 11.9 0.3 4
4 19.3 0.7 3 8.1 0.4 4
5 18.1 0.4 3 8.1 0.4 4
6 17.7 0.0 1 3.4 0.7 4
7 15.6 1.1 5 3.4 0.7 4
8 11.4 1.3 4 4.6 0.6 4
* No relationship was found between d15N values and the length of
icefishes in this study
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integrated waste inputs over long time periods and reflected
the movement of waste through the pelagic food chain.
In conclusion, the consistent shifts in d15N of icefishes
between our tested freshwater systems that differ in trophic
states, together with pervious studies (Schlacher et al.,
2005; and references therein), have demonstrated that sta-
ble nitrogen isotopes are an effective tool to assess
anthropologic pollution. It is possible that a similar ap-
proach may be applied to enable us to follow and estimate
the nutrients input from the surrounding environment.
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